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FOREWORD
The work reported herein was sponsored by the Marshall Space
Flight Center (MSFC), NASA. The results of tests presented were obtained
by ARO, Inc. (a subsidiary of Sverdrup and Parcel & Associates, Inc.),
contract operator of the Arnold Engineering Development Center (AEDC),
AFSC, Arnold Air Force Station, Tennessee. Ascent and reentry conditions
were simulated on shuttle models designed by McDonnell Douglas (MDAC),
North American Rockwell (NAR) and General Dynamics Convair (GDC). In
addition a limited amount of data were obtained on two research models
provided by the Langley Research Center (LRC). Because of the broad
scope of these tests the data will be presented in a series of SADSAC
reports. This report presents the results of the phase-change paint test
conducted at Mach 8 in Tunnel B on the McDonnell Douglas Delta Wing
Orbiter mated with the -17A Booster. This volume (Volume I) contains
the mated data and Volume II'contains the interference-free data for the
orbiter and booster alone.
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NOMENCLATURE
ALPHA-MODEL (a) Maodel angle of attack, .deg
ALPHA-PREBEND Sting prebend angle, deg
ALPHA-SECTOR Tunnei sector pitch angle, deg
H(TO) Heat-transfer coefficient based on Taw =T o ,
or 
H BTU/ft2 - sec - 0R and
H(TO) L= ---
where 0 is obtained from
pc - TJ = 1 - e02 erfca
Taw - T1
and At ~ del time
TpC phase-change paint temperature, °R
Ti i nitial model temperature, °R
Taw adiabatic wall temperature, °R
/rp " model material properties = 0.11-0.008 /'-Ti
. ~~~~~~~~~~~~~~~~~~~~~~~~~~.
BTU/ft 2 -secl/2 - °R
H(.9TO) Heat transfer coefficient based on Taw = 0.9To
H(.85TO) Heat transfer coefficient based on Taw = .85To
HREF Reference heat transfer coefficient based on Fay-Riddell
theory, BTU/ft2 -sec OR
HREF =[8139(POl)O
05 (MU0)0 4 (PINF/P01)25 x
.(RN).5 (To)O.l5 .
.[0.2235 + 0.0000135 (To + 760)]
where P01 u stagnation pressure downstream of a normal'
shock, psia 
MU-O air Vtscosity based on To , lbf sec/ft2
RN i reference nose radius, (00o1l ft)
V
MU-INF
P-INF
PO
Q-INF
RE/FT
ROLL-MODEL
ST(TO)
Free-stream viscosity, lb-sec/ft2
Free-stream static pressure, psia
Tunnel stilling chamber pressure, psia
Free-stream dynamic pressure, psia
Free-stream unit Reynolds number, ft1
Model roll angle, deg
Stanton number based on To '
ST(TO) = H(TO)
Tp.V [0.2235+0.0000135 (To+Tpc)]x(32.17)
Reference Stanton numberSTREF
T-INF
TO
TW
TIME
DEL TIME (at)
V-INF (V.)
YAW
X
STREF = HREF
o V. [0..2235+0.0000135 (To+Tpc)]x(32.1l7)
Free-stream static temperature, °R
Tunnel stilling chaumber temperature, °R
Model wall temperature, °R
Time from start of model Injection, sec
Time model exposed to ailrstream, sec
Free-stream Velocity, ft/sec
Model yaw angle, deg
Axial distance from booster nose to orbiter nose
(1.86 in., see Fig. 3)
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SECTION 1
INTRODUCTION
This report presents the results of a wind tunnel test program
to determine aerodynamic heat transfer distributions on the McDonnell
Douglas configurations. The tests were conducted at the Arnold Engineer-
ing Development Center (AEDC) in Tunnel B of the von Karman Gas Dynamics
Facility (VKF). The test period was in June 1971.
Heat-transfer rates were determined by the phase-change paint
technique on O.Ol-scale StyCast@modes using Tempilaq'_as the surface
temperature indicator. The nominal test conditions were; Mach 8, free-
stream unit Reynolds numbers of 0.8 x 106, 2.5 x 106, and 3.7 x 106, and
angles of attack of -5, 0, +5 deg. Model details, test conditions,
phase-change paint photographs and reduced heat-transfer coefficients are
presented in this report.
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SECTION 2
MODELS AND APPARATUS
2.1 MODEL DESCRIPTION
Model drawings were provided ARO, Inc. by the McDonnell Douglas
Corporation and fabrication of the Stycast models was subcontracted to
the Grumman Aircraft Corporation. Sketches showing the overall model
dimensions of the orbiter and booster are presented in Figs. 1 and 2,
respectively, and a photograph of the mated configuration is shown in
Fig. 3. Table 1 provides additional configuration description details
but it should be pointed out that the models were cast as one smooth
surface without moveable control surfaces. Presented in Table 2 are
model coordinate measurements referenced to the axis system illustrated
In Figs. 1 and 2.
Six-in.-diam hemispheres were cast from the same batch of
Stycast used to cast the models so that the Stycast thermal properties
could be determined from calibration runs on the hemispheres. Also
Chromel-Alumel thermocouples were cast into the models approximately
1/8-in. from the surface to measure the initial model temperature.
2.2 FACILITY DESCRIPTION
Tunnel B is a continuous, closed-circuit, variable density
wind tunnel with an axisymmetric contoured nozzle and a 50-in.-diam test
section. The tunnel can be operated at a nominal Mach number of 6 or 8
at stagnation pressures from 20 to 300 and 50 to 900 psia, respectively,
at stagnation temperatures up to 1350°R. The model may be injected into
the tunnel for a test run and then retracted for model cooling or model
changes without interrupting the tunnel flow.
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SECTION 3
PROCEDURES
3.1 TEST TECHNIQUE
Prior to each run the models were cleaned and cooled with
alcohol and then spray painted with Tempilaq. In some cases the local
interference region between the models was sprayed with a higher
temperature paint since the surface temperatures were generally higher
in this region (see group 206 for example). The models were installed
on the model injection mechanism at the desired test attitude and the
Initial temperature of each model was measured with a thermocouple probe
or with the model-embedded thermocouples. During the course of the test
many of the embedded thermocouples became inoperative and the probe
temperature was generally used to determine the initial temperatures of
the models. The models were then injected into the airstream for approxi-
mately 20 seconds and during this time the model surface temperature rise
produced isotherm melt lines. The progression of the melt lines was
photographed with 70-mm sequenced cameras operating at 2 frames per
second.
3.2 TEST CONDITIONS
Nominal test conditions are presented in the data summary sheets
(Table 2). As mentioned in the foreword this test was part of a com-
prehensive Space Shuttle Investigation and as a result the run numbers
are not consecutive. The specific test conditions for each run (or
group) are provided on the data tabulation sheets preceding each set of
melt line photographs.
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During each run the tunnel conditions and time of each picture
were recorded on magnetic tape. The heat transfer coefficient for each
picture was calculated from the semi-infinite slab transient heat con-
duction equation.
Tpc ' Tt = 1 - e02 erfc B
Taw - Ti
where v = h and p/clk = 0.11 - 0.008 A/ .
The equation for the thermal properties (/p-E-) of Stycast was obtained by
evaluation of a considerable amount of hemisphere calibration data and
supplemented by VKF laboratory measurements.
Heat-transfer coefficients were calculated for assumed adiabatic
wall temperatures of T
o
, O.g9To, and 0.85To (see tabulated data sheets).
The use of three values of Taw provides an indication of the sensitivity
of the heat-transfer coefficient (h) to the values of Taw assumed. For
the sake of consistency all heat-transfer coefficients shown on the
photographs are based on Taw = To.
All heat-transfer coefficients were non-dimensionalized by
dividing by the stagnation point heat-transfer coefficient (Ref. 1) on a
O.Oll0-ft radius sphere (a 1-ft radius sphere scaled down by the model
scale). 
SECTION 4
DATA PRESENTATION
The test results are presented as a series of four photographs
obtained during each run and a post-test photograph of the interference
4
region when two paints were used. The photographs are grouped as follows:
Model Surface Re/ft a
Side view of mated 0.8 x 106 -5, 0, +5
configuration*
2.5 x o106
3.7 x 106 0
*The corresponding data for the orbiter and booster alone (non-interference)
are presented in Volume II.
Preceding each set of photographs is a tabulated data sheet
which lists the specific test conditions and the time of each picture
with the corresponding heat-transfer parameters. Of course, the heat-
transfer parameters apply only to the melt lines of the corresponding
picture. Body coordinates of the melt lines may be obtained by use of
the grid overlay provided with this report.
The post-test photographs give an indication of the severe
heating which can occur between mated configurations if some type of
wind shield or seal is not provided along the mating line. The heat-
transfer ratios associated with the melt lines in these photographsare
approximate because of the uncertainties in time and flow conditions
which occur when the model is retracted from the airstream. Table 4,
Page 38, presents a Summary Index for these data.
REFERENCES
1. Fay, J. A. and Riddell, F. R. "Theory of Stagnation Point Heat
Transfer in Dissociated Air." Journal of the Aeronautical Sciences.
Vol. 25, 1958, pp. 73-85.
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· d, ·
'! .::J
)DEL SCALE
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Canard - MDAC Booster
GENERAL DESCRIPTION: Confiquration 17A Canard
Model Scale 0.011
DRAWING NUMBER: 256-17-001, Rev. A
DIMENSIONS: FULL-SCALE MODEL SCALE
Theo. Area, ft2
Exp Area, ft2
Aspect Ratio
Chord (Incl. Flap), ft
Airfoil (360 In. Theo Chord)
1660 .200
1215 .146_
3.0- 30
23.625 .260
63-018 NACA 63-018NACA
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MODEL COMPONENT:
TableI
:' ' -. ~~~~Confi gurati on. Description Details
MODEL~~~~~ C..,MET B,, .DCOrie
.6~~~~~~~aicfslg otus nldn aoyGENERAL~~~~~~~~~~~~~~~~~' DECIPIN
Model~~~~~~~~~~~~~~~~~~, scle ·.11
DRAW41r, ?:U,'.3,rR: 255 BJ 00050, Rev. B
_ !II.,E;NS0I O::S:
Length. (ft.)
Max. Width
, Max. Depth
Fineness Ratio
Area (ft.2 )
Fax. Cross-Sectional
Planform
. - W'letted
Base
* Zl~o~te: All units are ft. or sq. ft.
*These data includ~e botHi sides
FULL-SCAL
' ' "15..4
:·. ·27.1
* 30.3-
-:627.4
3790.0
'32520.0
, ' 447.0
of the
MODEL SCALE
_ _=..1.720
.298
.333
.0759
.459
1.515
.0541
vehicle.
I
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MODEL CO,0POEfIT:
GEtiERAL DESCPRIPTION:
DRA.I f,, :U.'ER:
I Ule i .-. contlelu2Cl
.' ~ ~ ~~~ , ,.'., -,
Elevon - MDAC Orbiter
Model Scale: 0.011
255 BJ 00050, Rev. B
w ~~~~~~~~. 5
I MIE 1 SIO; S: * 
* Area, ft2
Span (cquivalent), ft.
Inb'd equivalent chord, ft.
* Outb'd equivalent chord, ft.
Ratio Elevator chord/horizontal
* ~tail chord
At Inb'd equiv. chord
At Outb'd equiv. chord
.Sweep Back Angles, degrees
Leading Edge 
Tailing Edge
Hingeline
Area ,oment ('orrmal to hin3e li
) o
.oteo All units are ft., sq. ft.,
Theso data include both sid
~- 'o. o.
O~~~~~~ ~ ~ ~ ~~~~ , ·. , 
o : * 
. . .~~~
FULL-SCALE
963.
, ·
.' .. :":3; 
*. 73.7
12.8
.. _* · ..... ... .. .
.12.8 ,
. . _0.0
* . :00
~~~·°T.. ...
0.0
:; :, , '
, ~~~''-.'0.0
ne) __:
or degrees.
l of Vehicle. *
eso ' '*le.0
·~~ .' o· 
ine) [~~~~
. . .~~~~~~
. . . * -.~~~~~~~' 
"i~vODEL SCALE
.117
_ :.811
.141
· -· .141
o . e
·
. 0
0.01
o 0
o.o.
·. ·. .
*'' · . ' 
. o.
~ o
-o.
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MODEL COPOtINENT, _T
GENERAL DESCRIPTION:
* " Table 1 - continued
* Body Flap - MDAC Orbiter
Model Scale: 0.011
''~~~.. .'
DRl!fG NUM~ER:DRAWI fi ,, m.1 255 BJ 00050,
DIMENSIONS:
Area ft2
Span (equivalent), ft.
.16b'd equivalent chord, ft.
Outb'd equivalent chord, ft.
Ratio Elevator chord/horizontal
tail chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge
· ' * ~Tailing Edge
· . ilingeline
Area Moment (Normal to hinge lir
Rev. B
FULL-SCALE
140.88
- 5.333'
12. 80
.0.0
0.0
0.0
ne) _
ot: All dimiensionis in ft., sq. 'ft'.''or d2grees.
These data include both sides of vehicle·
~*. . .
- o .- . ·1 5
~~~4 . .
· ~ ~ ~ ~ ~ .. . °.
MODEL SCALE
.0170
.262
.0587
.141
0.0
0.0
0.0
· .
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r, iODEL COb.ONDENT. Win
:GENERAL DESCRIPTION: Mloc
DRAPWI G hU,,BER:
· ' . . .
nq - MDAC Grbiter
1~el~~~~~ Sca e: 0O~ .0ll
ctol Scale: *O.011
255 BJ 00050, Rev.
DIMENSIO;:S:
TOTAL DATA
2Area ft 2
Planform 
Wetted : 
* - Span (equivalent), ft.
- - Aspect Ratio
. . Rate of Taper
.Japer Ratio
Diehedral Angle, degrees
Incidence Angles degrees
b- ' hAerodynamic Twist, degrees
~Toe-In Angle
Cant Angle ,
$Sweep Back Angles, degrees
.Leading Edge
Trailing Edge
0.25 Element Line
Chords: (ft.)
Root I-ing Sta. 0,0)
e , cyTip, (equivalent)
"MAC
Fus. Sta. of .25 MAC
* W. Po of .25 IV.AC
Airfoil Section
Root
Tip .
E XPOSED DATA
Areas ft. 2
Span, (equivalent) ft.
Aspect Ratio
Taper Ratio
· C ords (ft.)
Root
Tip '
MAC
Fuso Sta, of .25 .IAC
WoPo of .25 MAC
.· A ^ Rll units are ft.: sq. ft.
. . 1.68
' .... 0.230 
* ~10.0.
· . o. o . .
. 2.0
* 0
0 .
_ 55.0
.. . .0
* 47.0
· *. 90..43
63.30
..* .
'0010-64
. . .0012-64
.3147. 3
. 7051.47
MODEL SCALE
: 645 -.
1 .68
.230
10.0
2.0
__  00
0
'55.0
. '.. .. 5547.0
.995
..-VT--9
.696
0 64
.0010-64
0012-64
1
.381
. I 
o7=
o784
,_ & - .': .-
71.25 .
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20. ")
o rd e g ro s- .
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or degro '.
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t40ODEL COMiPONENT:
GENERAL DESCRIPTIO.
GENERAL DESCRIPTIOI
Table 1 - continued
· . . · . ..
.. . .: ·
Rudder - MDAC Delta ling Orbi
....... .S l .N:y . Model Scal e: O.O01i'
I i 
' DRA1IlG tUMI. ER:
- DRAtI- 'G l;U;'O R: 4255 BJ 00050, Rev. B
· . . ·
. ~ ~ ~ ~~~~~~~~~~~~' .: '. · 
DIMENSION'S: - FULL-SC
, ~~~~~2
Area, ft. 213.9
* Span (equivalent), ft. ,
, · . . .
- Inb'd equivalent chord, ft. 9.5
Outb'd equivalent chord, ft.
~~~pn( q i a e t f.." .. ' ' '7.5
Ratio Elevator chord/horizontal
tail chord
A] Inb'd equiv. . chord .3
At utb.'d · equiv. chord, .3
Stireep Back Angles, degrees
Ra.~ Elvao . h r/orzn .. .
Leading Edge . 30.0
.* Tailing Edge 13.3
Hingeline . ;
Area 1oment (Ntormal to hinge line)
e. .- . :
Note: All units are ft., sq. ft.., or degrees.
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303
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_ .l_ i _ 
·~~~~~~~~~~~~ 
.1
- 13.38,
' 19.95
.. ·...
ter -
. !
iter~~~~~o
. o
, . .. i .
,*'
.o
,o.
. .
· . .;
. ;
I 
,e
I 
I-
I .m :s
· .. , $
L_ 1/erti cal ta; I -N DMAC Orbi'ter
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.' GENERAL DESCRIPTION: ·lodel Scale: 0.011
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*Area ft.
. 'rlanform
- :. " : Wetted
'" Span (equivalent),
.' e Aspect Ratio
":* . .' Rate of Taper
.. .: Taper Ratio
. .. Diehedral Angle, de
·~' ~Incidence Angle, d
(~ .. fAerodynamic Tvist,
' 7oe-n Angle
* · '::* Cant Angle
S$weep Back Angles,
o * :. Leading Edge
0 0 o ° * °Traili ] ng Edge
0 0,25 Element Li
*. Chords: (ft.)
*: Root (lling9 Stao
o . o Tip ,(equivalenMAC
Fus. Stao of .2
WP. of .25 :.C
Airfoil Section.
~~~~~~~~~~~~~~~. .
Tip 2
; EXPOScD DATA-
Area it.2
Span, (equivalenti
.A.pect Ratio
Taper Ratio
'Chorads (ft.)
Ro ' ° ot
* ~ ~~~~~~~~ * vws
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i 5 _ 8~~~~~~~· " : '.' . '. ,'''';'
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